Journal of Biostatistics and Epidemiology

J Biostat Epidemiol. 2022;8(1): 45-60.

Original Article

Multidimensional item response theory to assess psychometric properties of GHQ-12 in par-
ents of school children

Elham Haem, Marziyeh Doostfatemeh”

Department of Biostatistics, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran.

ARTICLE INFO

ABSTRACT

Received 01.08.2021
Revised 24.08.2021
Accepted 09.12.2021
Published 15.03.2022

Key words:
Multidimensional item
response theory;

General health questionnaire;
Psychometrics properties;
Psychological distress.

Introduction: The multidimensional item response theory (MIRT) model provides an ideal foundation for
assessing the psychological properties of a questionnaire designed with multidimensional structure. This
study aimed to present the first use of MIRT models to investigate the psychometric properties of general
health questionnaire (GHQ-12) in parents of school-aged children.

Methods: A total of 1104 parents of school children-aged completed the Persian version of GHQ-12
questionnaire. One-dimensional IRT model and MIRT models with two and three factors were used to model
the observed scores for each of the GHQ-12 items as a function of the subject's latent characteristics to
consider the correlation between the dimensions of the questionnaire. Goodness of fit indices were reported
for the three models, and the fits of items were assessed for the best model. Individual items were described
in detail through item characteristic curves, and the amount of information carried by different items was
presented using information curves.

Results: The MIRT analysis with three factors corresponding with anxiety depression, social dysfunction
and loss of confidence provided the best account of the GHQ-12 data. The model showed that all items were
fitted adequately. Items varied in their discrimination ranged from 0.94 to 2.13, 1.31 to 2.74, and 2.87 to 3.57
for social dysfunction, anxiety depression, and loss of confidence, respectively. Moreover, items 8 and 2
provided the least information in social dysfunction and anxiety depression dimensions, respectively. Items
in the loss of confidence dimension carried the most information among all items of the GHQ-12.
Conclusion: The developed framework for evaluating the psychometric properties of GHQ-12 can be a
suitable alternative to traditional approaches as well as unidimensional IRT models, the use of which has been
restricted due to the multidimensional structure of the questionnaire.

Introduction morbidity that has been widely used since

its development by Goldberg in 1972.! The
The general health questionnaire (GHQ) is original instrument consists of 60 items, but
a self-report measure of minor psychiatric different shorter versions, including GHQ-30,
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GHQ-28 and GHQ-12, have also been adapted
and validated by different studies.”> The 12-
item version of the questionnaire, GHQ-12,
has been broadly used because of its relatively
good psychometric properties and brevity.> *
Further, the GHQ-12 is recommended by the
World Health Organization (WHO) as a well-
validated and standard psychiatric screening
instrument.’

The GHQ-12 consists of 12 items, each of
which is rated on a four-point scale, typically
worded: less than usual, no more than
usual, rather more than usual, or much more
than usual. The two most commonly used
scoring methods are bi-modal (0-0-1-1) and
Likert scoring styles (0-1-2-3).° Because the
GHQ-12 exhibits considerable appeal as a
quick and well-documented screening tool,
it was translated into different languages to
study its reliability and validity to explore its
psychometric properties in various populations
and countries.®!? For the first time, the Persian
version of the questionnaire was prepared and
its psychometric properties were assessed by
Montazeri et al." Since then, a couple of studies
have assessed its applicability among university
students and an elderly Iranian population.®
The questionnaire was designed as a
unidimensional scale to capture a single trait,
and some empirical studies have supported
this assumption.'> '* However, studies have
frequently revealed the existence of more
than one factor solutions. Most studies have
yielded a two-factor solution, namely “anxiety/
depression” and “social dysfunction”.” ">
Some studies, however, have revealed a third
factor expressing “loss of confidence”.*-* For
the Persian version of the questionnaire, a two-
factor model was the best explanation of the
Iranian sample.'

Traditionally, classical test theory (CTT)

measuring construct validity, reproducibility,
and sensitivity to change, is used to assess the
psychometric properties of questionnaires.?’
Furthermore, confirmatory factor analysis
(CFA), is a common method, used to evaluate
hypotheses about the dimensionality of a
questionnaire.”® Typically, these techniques are
used to evaluate a new questionnaire in a first
step. Although these methods are beneficial
in assessing the psychometric properties and
scale-dimensionality of a new questionnaire,
more modern methods based on item response
theory (IRT) framework exist that provide a
more detailed assessment of individual items in
a questionnaire.

IRT, also known as the latent response
theory attempts to explain the relationship
between an individual response to the items
on a questionnaire and the latent trait.”: ¥
It establishes a link between the properties
of items on a questionnaire, individuals
responding to these items, and the underlying
trait being measured.

Despite IRT benefits, most studies on the
psychometric properties of GHQ-12 have used
CTT methods, exploratory factor analysis
(EFA) and CFA. However, a couple studies
used a unidimensional IRT model to assess
the hypothesis on the factorial structure of
GHQ-12.313 Alexandrowicz et al.** applied
unidimensional IRT models with the aim of
comparing the 30-, 20-, and 12-item versions
of GHQ with four different recording schemes.
When questionnaires comprise multiple
dimensions, the utility of unidimensional IRT
is largely restricted. An improved version
of the IRT model, multidimensional IRT
(MIRT), takes multiple latent traits into
account simultaneously while also considering
correlation among latent traits. MIRT models
have rarely been used in GHQ-12, although
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such studies had different aims.>>*

It appears that there is no reported MIRT-based
study on the psychiatric morbidity of the parents
of school-aged children measured by GHQ-12.
Whereas children’s quality of life is one of the
important and complementary outcomes in
clinical studies, several studies have focused
on this subject.’”* The health-related quality
of life in children is strongly influenced by the
mental health of their parents. Therefore, it is
also crucial to evaluate the parents’ psychiatric
morbidity in a population of children.

The present study aimed to use MIRT models to
investigate the properties of the questionnaire
with more detail. The unidimensional IRT
and MIRT models with two and three factors
were applied to the data and the three models
were compared to each other using several
goodness of fit indices. Afterwards, in the best-
fitted model, individual items were described
in detail through item characteristic curves and
item information curves.

Material and Methods
Participants and instrument

The Persian version of the GHQ-12, previously
translated and validated in Iran," was completed
by 1104 parents of Iranian secondary school
adolescents aged 13-18 years. A two-stage
cluster random sampling technique was used
to select the participants randomly. In the first
stage, four schools were randomly selected
from 60 secondary schools in each of the four
educational districts in Shiraz, southern Iran. In
the second stage, two classes from each school
were chosen through a simple random sampling
and all parents of the students in the chosen
classes were considered as the study population.
The students took the informed consent forms

and the questionnaires home for their parents,
and then the completed questionnaires were
returned to the schools.

The GHQ-12 includes 12 ordered categorical
questions or items which are rated in four
categories 0, 1, 2 and 3, indicating less than
usual, no more than usual, rather more than
usual, or much more than usual, respectively.
The GHQ-12 scoring protocol has reversed-
scored items such that higher scores show a
better state of psychological health, and the
model was fitted accordingly.

Multidimensional item response theory

IRT models assume that there is only one latent
variable, 0, to explain the relationship between
latent traits and observed responses. However,
MIRT, as an extension of IRT models, attempts
to explain an item response according to
an individual’s standing multiple latent
dimensions.” Several forms of IRT models
have been used for ordered categorical data:
the rating scale model, partial credit model,
generalized partial credit model (GPCM), and
graded response model (GRM).*® The most
common IRT-based approach for multiple-
response questionnaires in patient-reported
outcome studies has been GRM.?

The functional form of the multidimensional
GRM is given by:

1

P(yij = Kl Bi = 9) = 1+exp[—(a}[ 0+ Cjk)]

()
P(Yy=K|6;=6)= P(Yy 2K|6;=6)— P(Y; 2K +1|6,=6) (2)

where P(Yij >K| 6.=0) is the probability that
observed scores for item j and subject i given the
ability on latent trait 6, obtain a score greater or
equal to k, with k=0 to 3. In this equation, a, and
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Cie denote the item discrimination and intercept,
respectively, where intercepts are ordered and
one less than the number of response categories
for each item. A high discrimination value
shows that an item is able to differentiate
between the subjects at different latent trait
levels. The intercept, ¢, can be transformed
into a difficulty parameter, bjk, through the
following formula:

bjy = Gk 3)

aj

where a low value for the difficulty parameter
indicates an easy item and a high value of
difficulty indicates a difficultitem. Furthermore,
in Eq,' latent traits are distributed normally, 0.
~N(0,Q2), where Q is the covariance matrix
for individual 1’s latent traits. The correlation
between the dimensions is taken into account
in the multidimensional GRM model through
9.28,41

It was said that, the GHQ-12 was originally
designed as a unidimensional scale. Thereafter,
several studies explored two-"- 7?2 and even
three-factor*2* solutions. The reliability and
validity of the Persian version of the GHQ-
12 was evaluated by Montazeri et al.,”” and
a two-factor model was revealed as the
best explanation of the questionnaire. Thus,
according to the mentioned study, an MIRT
model including two factors, namely social
dysfunction (items 1, 3, 4, 7, 8, 10, and 11)
and psychological distress (items 2, 5, 6, 9, and
12) was applied. Because, a couple of studies
reported a three-factor solution as the best
model, an exploratory factor analysis (EFA)
was performed to manifest the best factor
structure on the GHQ-12. The EFA showed a
three-factor structure as the best explanation of
the data. Afterwards, an MIRT model with three
factors namely social dysfunction (including

items 1, 3, 4, 7, 8, and 12), anxiety depression
(including items 2, 5, 6, and 9), and loss of
confidence (including items 10 and 11), was
performed. Furthermore, a unidimensional IRT
model was applied and compared with MIRT
models that have two and three factors.

Statistical analysis

All analyses were performed in the R
programming environment. The EFA and
MIRT models were performed using stats* and
multidimensional item response theory (mirf)
packages,* respectively. The unidimensional
IRT model and the MIRT models with two
and three factors were compared using Akaike
information criterion (AIC). Furthermore, the
goodness of fit of the models was evaluated by
the comparative fit index (CFI), Tucker- Lewis
Index (TLI), and the root-mean-square error of
approximation (RMSEA). The following cut-off
values for a good fit were suggested by Hu and
Bentler**: CFI>0.95,TLI>0.95,RMSEA<0.06.

Item characteristic curves (ICC) were provided
to describe the probability of each score in each
item visually. Furthermore, item information
curves were included to investigate which
items of GHQ-12 carried the most information
to detect psychiatric morbidity in the parents.
Information content was calculated for the items
using Fisher information, which is formulated
minus the expectation of the second derivative
of the log-likelihood of the model.” To evaluate
the item fit, the generalized Orlando and
Thissen’s S-X? index for polytomous data was
used,” comparing the observed and expected
response frequencies under the estimated
MIRT model. Eventually, the items with S-X?
p-value<0.01 were considered poorly fitted.**
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Results

In this study, there were 13,248 observations
from 1104 parents of school-aged children.
The mean+ standard deviation of the parents’
age was 42.5+ 6.2, and 57% of the parents had
academic degrees.

Unidimensional IRT and MIRT models with
two and three factors were fitted on the GHQ-
12 data set. Table 1 summarizes the goodness of
fit of the models, representing the MIRT model
with three factors namely anxiety depression,
social dysfunction, and loss of confidence,
which reflected the data better compared to the
other models. This model had the lowest AIC
and met cut off values for a good fit. Thus, the
MIRT model with three factors was considered
for further evaluation.

The distributions of the observed responses
of items for the three dimensions are shown
in Figure 1. The frequency of ordinal items
showed diverse patterns in the three dimensions.
In the social dysfunction and loss of confidence
dimensions, most items were skewed toward
high scores (2 or more), indicating a better
state of psychological health, while items of
anxiety depression were more symmetrically
distributed.

In the MIRT model with three factors, item
specific parameters and the correlation between
the three factors were estimated successfully.
Table 2 displays the estimation of item
discrimination, item difficulty parameters and

Table 1. MIRT model fit

correlations among the three factors. For all
items in the three dimensions, discrimination
estimates ranged from 0.94 to 3.57, indicating
that apart from item 8, all items discriminated
between low and high levels of GHQ-12 latent
traits (or state of psychological health) of the
parents very well. Furthermore, the estimated
correlations among the three factors ranged
from 0.70 to 0.76, showing that an increase in
one of the latent traits leads to an increase in
others.

Figure 2 shows the obtained ICCs for all items
in the GHQ-12. This figure indicates that a
person with a better state of psychological
health (higher latent trait of anxiety depression,
social dysfunction, or loss of confidence) has
a higher probability of increased scores for
each item. The lowest slope of 0.94 for face
up to problems (item 8) indicates the lower
discrimination power in social dysfunction of
parents. In other words, a large increment in
health state yields only a small increment in the
probability for the score on this item. However,
the high slope parameter of 2.87 and 3.57 for
thinking of self as worthless (itemll) and
losing confidence (item 10) indicates a higher
discrimination power in loss of confidence
trait. For all items, when the psychological
health state score increases, the probability of
a 0 score decreases.

Figure 3 presents the item information curves
for all items of the anxiety depression, social
dysfunction, and loss of confidence dimensions

Fit statistics One-dimensional

Two-dimensional Three- dimensional

Log-likelihood -12623.96
AIC 25343.92

RMSEA (CL90%) 0.04 (0.03, 0.05)
CFI 0.96
TLI 0.94

-12589.71 -12464.23
25277.41 25030.44
0.04 (0.03-0.05) 0.05(0.04, 0.06)
0.96 0.96
0.95 0.95

AIC, Akaike information criterion; RMSEA,Root mean square error of approximation; CI, Confidence interval; CFI,

Comparative fit index; TLI, Tucker- Lewis index
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Figure 1. Distributions of observed item responses (0= much more than usual, 1= rather more than usual, 2= no more
than usual, 3= less than usual) for each dimension. The names of the item are provided in Table 2.

Table 2. MIRT with results presented as estimate

MIRT parameter estimates for the graded response model

. Discrimination Difficulty
ttem a, a, a, b, b, b,
1. Able to concentrate - 1.45 - -3.27 -1.84 1.25
2. Lost much sleep 1.31 - - -1.88 -0.32 1.15
3. Playing useful part - 1.37 - -3.65 -2.10 0.97
4. Capable of making decisions . 1.22 - -3.94 -2.23 1.057
5. Under stress 1.62 0 - -1.88 -0.51 0.67
6. Could not overcome difficulties 1.57 0 - -2.48 -0.98 0.47
7. Enjoy normal activities - 1.89 - -2.07 -0.97 1.04
8. Face up to problems - 0.94 - -4.61 -2.45 1.41
9. Feeling unhappy and depressed 2.74 - - -1.59 -0.53 0.61
10. Losing confidence - - 3.57 -2.24 -1.17 -0.16
11. Thinking of self as worthless - - 2.87 -2.47 -1.68 -0.77
12. Feeling reasonably happy - 2.13 - -2.34 -1.13 1.19
Correlations for psychological distress, social dysfunction 0.71
social dysfunction, loss of confidence 0.70
psychological distress, loss of confidence 0.76

a, is the discrimination parameter of the corresponding item on anxiety depression dimension, a, is the discrimination pa-
rameter of the corresponding item on social dysfunction dimension and a, is loss of confidence dimension
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Figure 2. Item characteristic curves showing the probability for each individual score within each category of items.
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Figure 3. Item information curves for items of anxiety depression, social dysfunction and loss of confidence dimensions.
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Table 3. Item fit statistics

Item S-X2a df p-value®
1. Able to concentrate 35.64 39 0.62
2. Lost much sleep 52.92 51 0.44
3. Playing useful part 49.41 34 0.08
4. Capable of making decisions 57.53 33 0.03
5. Under stress 66.18 47 0.08
6. Could not overcome difficulties 56.70 47 0.21
7. Enjoy normal activities 51.71 41 0.21
8. Face up to problems 46.74 39 0.22
9. Feeling unhappy and depressed 51.45 34 0.08
10. Losing confidence 42.59 34 0.21
11. Thinking of self as worthless 59.99 34 0.03
12. Feeling reasonably happy 59.34 39 0.08

*Orlando and Thissen’s S-X? index, items with S-X? p-value<0.01 are considered poorly fitted.

bp-values were rounded in two digits.

separately. Item information curves, as a
function of latent traits, indicate which item
carries the most information and where on
the latent trait they are most informative. The
information content carried by items differed.
In social dysfunction, feeling reasonably happy
(item 12) and enjoy normal activities (item 7)
were the most informative over the moderate
range of latent trait, while face up to problems
(item 8) carried little to almost no information
in this study. Moreover, in anxiety depression,
feeling unhappy and depressed (item 9) carried
the most information on the moderate latent
trait. However, lost much sleep (item 2) was
the least informative over a broad range of the
latent trait. Furthermore, the loss of confidence
dimension, including losing confidence (item
10) and thinking of self as worthless (item 11),
were the most informative among all items,
respectively.

Table 3 shows the full results for item fit
statistics. Based on S-X? p-values, all the items
fit the GHQ-12 questionnaire properly.

Discussion

The present study is the first to apply the MIRT

model to evaluate the psychometric properties of
the GHQ-12 questionnaire in parents of school-
aged children. This study included 1104 parents
to measure their minor psychiatric morbidity.
Since both maternal and paternal psychological
health affects the children’s development and
health during school, assessment of the parents’
psychiatric morbidity is essential.

The analysis of questionnaires and the
assessment of their psychometric properties
using the CTT approach which focuses on
summated scores disregards the underlying
nature of the data. EFA and CFA procedures
are predominantly used to assess the
dimensionality or underlying latent variable
structure of a questionnaire. However, MIRT
models provide more detail on a questionnaire
and yield potentially rich and informative
results about individual items. Once a model is
selected, ICC curves visually present the power
of discrimination and difficulty of individual
items in subscales. Item information functions
are obtained through IRT models and estimate
the precision and reliability of individual items
independent of other items on the questionnaire.
In addition, item information curves indicate
the content of information carried by individual
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items. As a result, a subset of items can be
selected, and a reduced questionnaire can be
developed by omitting uninformative items.
Notwithstanding the benefits of IRT, it suffers
from one limitation which is the need for large
samples. A summary of the recommended
sample sizes for various IRT models has been
provided by Yen and Fitzpatrick.*® MIRT, as
an extension of the IRT approach, models
multiple dimensions simultaneously to take
the correlations among the dimensions into
account. Because these correlation parameters
are estimated among the dimensions, MIRT
models need a larger sample compared to IRT
models. In this study, a sufficiently large sample
was employed to obtain stable parameter
estimates in the MIRT model.

In the present study, the MIRT model with
three factors reflected the data better than
the other models. The current findings were
in line with other studies that have reported
three-dimensional structure, including anxiety
depression, social dysfunction, and loss of
confidence, although they used CTT and CFA.**
.26 Smith etal.*! applied a Rasch model and CFA
to the 12-item GHQ and identified 6 misfitting
items. They focused more on differential item
functioning by age, gender, and treatment aims.
However, the discrimination and difficulty
parameters, ICC and information curves were
not reported.’’ The current findings highlight
no misfitting items, and this result is not in line
with the mentioned study. This inconsistency
may be explained by the differences between
MIRT models, considering correlations among
dimensions, and unidimensional IRT models.
Furthermore, the current study, employed a
graded response model through the MIRT
model, while Smith et al.*! applied the Rasch
model in the IRT approach. Since graded
response models have fewer assumptions

compared to Rasch models, they are more
flexible and likely to fit the data generated from
the patients’ reported outcomes.*

As i1t was note before, MIRT models are seldom
applied on GHQ-12. Stochl et al.*> combined
GHQ-12 and Affectometer-2 in an item bank
through the computerized adaptive testing
method for public mental health research. They
applied the MIRT model on pooled items and
reported that the proposed item bank was more
efficient than the use of either measure alone.
The current findings are not comparable with
the mentioned study, because the MIRT model
was not applied in the two questionnaires
separately. In another study, items of three
instruments, namely the Warwick-Edinburgh
Mental Well-being Scale (WEMWBS), EQ-
5D items (Health Survey for England) and
GHQ-12, were combined, and unidimensional
IRT and MIRT models with two and three
factors were performed.*® That study aimed to
establish the number of latent variables needed
to explain the responses to all of the items on
the three questionnaires and also to investigate
relationship between latent variables. Thus, the
results of the mentioned study should not be
compared with the current findings. To the best
of the authors’ knowledge, the present study is
the first to apply MIRT models only on GHQ-
12 items and to provide details on individual
items through ICC and information curves.

As mentioned before, an advantage of IRT-
based models is the amount ofitem information
calculated based on item characteristic curves.
This provides the relative contribution of
different items to total information across
different regions along the Ilatent trait.
Consequently, item information curves play
a significant role in the description of items,
optimal selection of the most informative
subset of items, and in comparing efficiency
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rates between different tests.?” > In the social
dysfunction dimension, two items, i.e face up
to problems (item 8) and capable of making
decisions (item 4) were found to have the
least information. In the anxiety depression
dimension, lost much sleep (item 2) included
lower information in a broad range of the
latent trait compared to other items. In the
loss of confidence dimension, both items
carried the most information among the 12
items of the questionnaire. Hence, a subset
of more informative items can be selected,
and a shortened version of GHQ-12 can be
developed.

The present study had a number of limitations
which should be taken into consideration. First,
the participants were from a general population.
Thus, the results cannot be extended to
subgroups suffering serious chronic illnesses.
Second, the participants in this study consisted
of fathers and mothers of school-aged children.
Fathers and mothers probably have different
perceptions of specific items in the GHQ-
12 questionnaire; Thus, methodologically,
combining them may be misleading.’”- !
Therefore, the measurement invariance of the
GHQ-12 across fathers and mothers should be
assessed in future studies. The third limitation
of this study was that the estimation of the
MIRT parameters was not adjusted according
to cluster sampling. However, in this study, the
number of cluster participants was almost the
same in each cluster and a simulation study by
Lee et al.,>? indicated that the two-stage cluster
estimator should be used when the number
of participants per cluster is significantly
different. Finally, it is recommended that future
studies should address these limitations and try
to expand the current findings in the GHQ-12
to different subgroups.

Conclusion

Based on GHQ-12 data from the parents of
school-aged children, an MIRT model with
three factors, namely anxiety depression,
social dysfunction, and loss of confidence,
was successfully developed to examine the
psychometric properties of the questionnaire.
Additionally, item fit statistics assessed
individual items, and information curves
described the amount of information carried by
individual items. MIRT models can be adapted
as powerful tools to examine the psychometric
properties of questionnaires designed with
an intentional multidimensional structure. It
is hoped that the published articles on MIRT
models stimulate its increased use in the field
of health psychology.
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